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(54) CUTTING INSERT AND EXCHANGEABLE BLADE-TYPE ROTARY CUTTING TOOL

(57) A cutting insert (1) of the present invention com-
prises a first end surface (2) and a second end surface
(3) which are opposed to each other and a peripheral
side surface (4) connecting the first end surface (2) and
the second end surface (3), and has a central axis (O)
defined so as to penetrate these end surfaces. A major
cutting edge (8) and a minor cutting edge (10), which are
connected via a corner cutting edge (9), are formed along
an intersecting edge between the first end surface (2)
and the peripheral side surface (4). The peripheral side
surface has a first side surface part (4a) related to the
major cutting edge and a second side surface part (4b)
related to the minor cutting edge. The first side surface
part (4a) gradually extends outward from the cutting in-
sert, heading from the first end surface to the second end
surface. When a second virtual plane (L1), which is sub-
stantially perpendicular to the central axis (O) and passes
through the major cutting edge (8), is defined, an inclined
part (3a), on a back side of the cutting edge, of the second
end surface (3) is inclined so as to become more distant
from the second virtual plane (L1), heading from the first
side surface part (4a) to the central axis (O).
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Description

Technical Field

[0001] The present invention relates to a cutting insert
and an indexable rotary cutting tool on which such cutting
insert is removably mounted.

Background Art

[0002] In the field of indexable rotary cutting tools, the
development of a tool having a significantly small tool
diameter compared with the prior art has been desired
with the aim of precisely machining a mold, etc. Such
rotary cutting tool having a small diameter is generally
an end mill, and the required tool diameter is as small as
approximately 20 mm or less. When a conventional in-
dexable end mill is merely reduced in terms of its diam-
eter, the resultant diameter is extremely small as de-
scribed above, which leads to a thin thickness of a back
metal portion thereof, which is adjacent to a back part,
with respect to a tool rotating direction, of an insert mount-
ing seat on which a cutting insert is mounted. A back
metal portion of a tool body is a portion which receives
the cutting resistance applied on a cutting insert, and
thus, if such portion is thin, this easily invites the gener-
ation of chattering in the cutting insert during machining.
As a result, chattering easily leads to the occurrence of
issues including a reduction in the quality of a surface to
be machined and fracturing of a cutting insert. Conven-
tionally, in order to solve such problems, the thickness
of a back metal portion has been devised to be secured.
For example, as viewed from a leading end surface side
of a tool, a cutting insert is arranged such that a radial
rake angle is negative while the position of a cutting cor-
ner involved in cutting is kept unchanged, whereby a back
metal portion in an insert mounting seat of a tool body
can be made thick.
[0003] However, when a cutting insert is arranged such
that a radial rake angle is negative as described above,
a bottom wall surface of an insert mounting seat faces
toward an outer periphery of the tool. Thus, the cutting
resistance applied on a major cutting edge which extends
in a substantially axial direction on the outer periphery
side of the tool causes the force received by the cutting
insert to strongly include a component directed toward
the outer periphery of the tool. Therefore, the cutting in-
sert is prone to slide toward the outer periphery of the
tool, which has resulted in the possibility of a reduction
in the fixing property.
[0004] An example of means for solving the above
problem is a method in which a lower surface of a cutting
insert is formed in a convex manner so as to have a sub-
stantially V shape, as disclosed in Patent Document 1.
The lower surface of the cutting insert in Patent Docu-
ment 1 has a flat base surface extending in a longitudinal
direction and two inclined surfaces which respectively
extend outward from the sides of the base surface toward

an upper surface of the cutting insert. This cutting insert
is mounted on a tool body such that the base surface
located at a peak portion of the V shape has a positional
relationship so as to be substantially parallel to a rota-
tional axis of the tool body. This allows an inclined surface
located on the outer periphery side of the tool, from
among the two inclined surfaces constituting the V shape,
to receive a force directed toward the outer periphery of
the tool, which suppresses shifting of the cutting insert
toward the outer periphery of the tool.

Citation List

Patent Document

[0005] Patent Document 1: JP2012-510380 T

Summary

Technical Problem

[0006] However, the cutting insert of Patent Document
1 has had the problem set forth below. That is, when the
lower surface of the cutting insert is formed in a substan-
tially V shape, a combination of factors, such as cutting
resistance and centrifugal force applied on the cutting
insert and elastic deformation of an insert mounting seat,
causes an inner-periphery-side inclined surface located
on the inner periphery side of the tool, from among the
two inclined surfaces of the lower surface, to be distant
from a bottom wall surface of the insert mounting seat,
which may substantially lead to the occurrence of a sit-
uation where the cutting insert is supported by only an
outer-periphery-side inclined surface located on the out-
er periphery side of the tool. In such situation, entire cut-
ting resistance would entirely be supported by only the
outer-periphery-side inclined surface located on the out-
er periphery side of the tool, and thus, the fixing property
of the cutting insert is reduced, and this is likely to lead
to the occurrence of the issues of chattering, etc.
[0007] The present invention has been made in light
of the above problem, and an object of the present in-
vention is to provide a cutting insert which has excellent
fixing property and also comprises a substantially V-
shaped lower surface, and an indexable rotary cutting
tool on which such cutting insert is mounted.

Solution to Problem

[0008] A first aspect of the present invention provides
a cutting insert comprising a first end surface, a second
end surface opposing the first end surface and a periph-
eral side surface connecting the first end surface and the
second end surface, and having an axis defined so as to
penetrate the first end surface and the second end sur-
face, wherein:

at least one cutting edge is formed along an inter-
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secting edge between the first end surface and the
peripheral side surface, and each cutting edge is pro-
vided with a major cutting edge and a minor cutting
edge which are connected via a corner cutting edge;

the peripheral side surface has a first side surface
part related to the major cutting edge and a second
side surface part related to the minor cutting edge;

when a first virtual plane which is substantially par-
allel to the axis and is along the major cutting edge
is defined, the first side surface part is formed so as
to gradually become more distant from the first virtual
plane, outward from the cutting insert, heading from
the first end surface to the second end surface;

the second end surface has an inclined part on a
back side of the cutting edge; and

when a second virtual plane which is substantially
perpendicular to the axis and passes through the
major cutting edge is defined, the inclined part is in-
clined so as to become more distant from the second
virtual plane, heading from the first side surface part
to the axis.

[0009] With the cutting insert having the above config-
uration according to the first aspect of the present inven-
tion, the first side surface part relating to the major cutting
edge extends outward from the insert, heading from the
first end surface to the second end surface, and thus, the
inclined part can be expanded. Therefore, the inclined
part of the second end surface can firmly come into con-
tact, via a sufficiently wide contact area, with a bottom
wall surface of an insert mounting seat of a tool body of
a cutting tool. This significantly improves the fixing prop-
erty, which makes it possible to remarkably suppress the
occurrence of chattering, etc.
[0010] Preferably, the clearance angle of the first side
surface part is within a range of -20° or more and -10° or
less.
[0011] Preferably, in the second side surface part, the
clearance angle of a portion thereof which serves as a
flank with regard to the minor cutting edge is a positive
angle.
[0012] Preferably, the number of cutting edges formed
along an intersecting edge between the first end surface
and the peripheral side surface is n (where n is an integer
of 2 or higher), and the cutting insert has a shape of n-
fold rotational symmetry around the axis.
[0013] Preferably, two cutting edges (E) are formed
along the intersecting edge between the first end surface
and the peripheral side surface, two inclined parts which
constitute a substantially V shape are formed in the sec-
ond end surface, and an interior angle formed by the
inclined parts or respective extension planes thereof is
within a range of 140° or more and 160° or less.
[0014] Preferably, all of the first side surface parts have

equal clearance angles.
[0015] Preferably, all of the inclined parts have equal
inclination angles.
[0016] A second aspect of the present invention pro-
vides an indexable rotary cutting tool, having a rotational
axis and comprising a tool body provided with at least
one insert mounting seat, the insert mounting seat having
a cutting insert being removably mounted thereon,
wherein the cutting insert is the above-described cutting
insert.
[0017] Preferably, the cutting insert itself is mounted
on the tool body such that a radial rake angle is within a
range of -40° or more and -30° or less.
[0018] Preferably, the major cutting edge of an active
cutting edge extends, on an outer periphery side of the
tool, substantially in a direction of a rotational axis, and
an inclined part, which is located on a back side of the
major cutting edge of the active cutting edge, is contacted
by an outer-periphery-side inclined bottom wall surface
of a bottom wall surface of the insert mounting seat.

Brief Description of Drawings

[0019]

Fig. 1 is a perspective view of a cutting insert accord-
ing to an embodiment of the present invention.

Fig. 2 is a plan view of the cutting insert of Fig. 1.

Fig. 3 is a side view of the cutting insert of Fig. 1, the
view seen from a long side surface part side.

Fig. 4 is a side view of the cutting insert of Fig. 1, the
view seen from a short side surface part side.

Fig. 5 is a bottom view of the cutting insert of Fig. 1.

Fig. 6A is a cross-sectional view of the cutting insert
of Fig. 1, the view taken along a VIA-VIA line of Fig. 2.

Fig. 6B is a cross-sectional view of the cutting insert
of Fig. 1, the view taken along a VIB-VIB line of Fig. 2.

Fig. 7 is a perspective view of an indexable rotary
cutting tool on which the cutting insert of Fig. 1 is
removably mounted according to an embodiment of
the present invention.

Fig. 8 is a side view of the indexable rotary cutting
tool of Fig. 7.

Fig. 9 is a leading end surface view of the indexable
rotary cutting tool of Fig. 7.

Fig. 10 is a perspective view of a tool body according
to an embodiment of the present invention with re-
gard to the cutting tool of Fig. 7.

3 4 
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Fig. 11 is a side view of the tool body of Fig. 10.

Fig. 12 is a leading end surface view of the tool body
of Fig. 10.

Fig. 13 is an enlarged view of a part in the vicinity of
one cutting insert shown in Fig. 9.

Description of Embodiments

[0020] Embodiments of the present invention will now
be described in detail with reference to the attached draw-
ings. Expressions such as "upper," "lower," "front" and
"back" may be used in the following description. Howev-
er, such expressions are merely used to aid in easier
understanding of the description and are not intended to
limit the present invention.
[0021] As shown in Figs. 1 to 6B, a cutting insert 1 of
the present embodiment has a substantially quadrangu-
lar plate shape. The cutting insert 1 is basically configured
by a first end surface 2 having a substantially quadran-
gular shape, a second end surface 3 arranged so as to
oppose the first end surface 2 and a peripheral side sur-
face 4 connecting the first end surface 2 and the second
end surface 3. A mounting hole 5, which defines a central
axis O, is provided so as to penetrate substantially a cent-
er part of the first end surface 2 and substantially a center
part of the second end surface 3. This central axis O is
originally a central axis of the cutting insert 1. In the
present embodiment, the central axis of the cutting insert
1 matches a central axis of the mounting hole 5. However,
the configuration is not limited thereto. In other words,
the central axis O can also be defined in a configuration
which does not comprise the mounting hole 5. The cutting
insert 1 is configured so as to be of 180-degree rotational
symmetry around the central axis O. It should be noted
that, as is apparent from the description below, the cutting
insert comprises cutting edges only on the first end sur-
face side, and thus, the first end surface and the second
end surface may merely be referred to respectively as
an upper surface and a lower surface.
[0022] As viewed from a direction facing the first end
surface 2 (i.e., in Fig. 2), the first end surface 2 constitutes
a substantially quadrangular shape including four curved
corners 6 and four sides 7 formed between the corners
6. The four sides 7 are constituted by two long sides 7a
and two short sides 7b. The pair of long sides 7a are
opposed to each other, and the pair of short sides 7b are
also arranged so as to be opposed to each other. Further,
the four corners 6 are constituted by two corners which
are involved in cutting (cutting corners) 6a and two cor-
ners which are not involved in cutting 6b. The corners
6a, which are involved in cutting, and the corners 6b,
which are not involved in cutting, are alternately arranged
with the long sides 7a or the short sides 7b interposed
therebetween. Therefore, the first end surface 2 of the
cutting insert 1 of the present embodiment constitutes a
substantially quadrangular shape of 180-degree rotation-

al symmetry about the central axis O in Fig. 2. However,
in the present invention, the shape is not limited thereto,
and the cutting insert may have another shape, such as
a triangular shape or a pentagonal shape. The peripheral
side surface 4 is constituted by a first side surface part
(long side surface part) 4a which is adjacent to each long
side 7a, a second side surface part (short side surface
part) 4b which is adjacent to each short side 7b, a third
side surface part (corner side surface part) 4c which is
adjacent to each corner 6a, and a corner side surface
part 4c’ which is adjacent to each corner 6b, and these
surface parts are continuous with one another in the cir-
cumferential direction. The shapes and sizes of these
surfaces may be changed as appropriate. It should be
noted that, since the cutting insert 1 is configured so as
to be of 180-degree rotational symmetry around the cen-
tral axis O, the two first side surface parts 4a are opposed
to each other, and the two second side surface parts 4b
are opposed to each other.
[0023] An intersecting edge between the first end sur-
face 2 and the peripheral side surface 4 is provided with
a plurality of cutting edges E. Since, as described above,
the cutting insert 1 is of 180-degree rotational symmetry
about the central axis O, the intersecting edge between
the first end surface 2 and the peripheral side surface 4
is, to be more precise, provided with two cutting edges
E. Each cutting edge E is constituted by a major cutting
edge 8, a corner cutting edge 9 and a minor cutting edge
10. The major cutting edge 8 is formed through an inter-
secting edge between the first end surface 2 and the first
side surface part 4a (an intersecting edge corresponding
to the long side 7a). In other words, the major cutting
edge 8 extends between the two corners adjacent to each
other, i.e., the corner 6a and the corner 6b. The corner
cutting edge 9 is formed through an intersecting edge
between the first end surface 2 and the third side surface
part 4c (an intersecting edge corresponding to the cutting
corner 6a). One of the ends of the corner cutting edge 9
is connected to one of the ends of the major cutting edge
8. The minor cutting edge 10 is formed along part of an
intersecting edge between the first end surface 2 and the
second side surface part 4b (an intersecting edge corre-
sponding to the short side 7b). In other words, the minor
cutting edge 10 is formed between the two adjacent cor-
ners, i.e., the corner 6a and the corner 6b, so as to cover
a position which is separate, by a certain distance, from
the corner 6a, in a direction toward the corner 6b, and
such minor cutting edge 10 is therefore not connected to
the corner 6b. One of the ends of the minor cutting edge
10 is connected to the end of the corner cutting edge 9
which is different from the end thereof which is connected
to the major cutting edge 8. Therefore, in the present
embodiment, the major cutting edge 8, the corner cutting
edge 9 and the minor cutting edge 10 are connected to
one another in this order. Further, in the intersecting edge
between the first end surface 2 and the second side sur-
face part 4b, an inner cutting edge may be formed be-
tween the minor cutting edge 10 and the cutting corner
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6b. An inner cutting edge is a cutting edge used in pock-
eting, including ramping, etc.
[0024] Fig. 3, being a side view in which the cutting
insert 1 is viewed from a side facing the first side surface
part 4a leading to the major cutting edge 8, and Fig. 4,
being a side view in which the cutting insert 1 is viewed
from a side facing the second side surface part 4b leading
to the minor cutting edge 10, are referred to herein. As
shown in Figs. 3 and 4, a plane which penetrates the
peripheral side surface 4 and perpendicularly intersects
with the central axis O is defined between the first end
surface 2 and the second end surface 3, and such plane
is defined as an intermediate plane M. The major cutting
edge 8 is formed such that a distance thereof from the
intermediate plane M changes between the two corners,
i.e., the corner 6a and the corner 6b. More specifically,
in Fig. 3, the major cutting edge 8 linearly extends such
that part thereof gradually becomes closer to the second
end surface 3 with respect to the first end surface 2 (i.e.,
gradually becomes closer to the intermediate plane M),
heading from the corner 6a to the corner 6b. The major
cutting edge 10 is also formed such that a distance there-
of from the intermediate plane M changes between the
two corners, i.e., the corner 6a and the corner 6b. More
specifically, in Fig. 4, the minor cutting edge 10 linearly
extends such that part thereof gradually becomes closer
to the second end surface 3 with respect to the first end
surface 2 (i.e., gradually becomes closer to the interme-
diate plane M), heading from the corner 6a to the corner
6b. As described above, it should be noted that the minor
cutting edge 10 is formed in part of the short side 7b
rather than being formed in the entire short side 7b. The
corner cutting edge 9 extends so as to smoothly connect
its adjacent major cutting edge 8 and its adjacent minor
cutting edge 10. Therefore, in the cutting edge E, the
corner cutting edge 9 serves as a cutting edge portion
most distant from the intermediate plane M with respect
to an insert thickness direction being a direction parallel
to the central axis O. In the cutting insert 1 of the present
embodiment, the respective cutting edge portions 8, 9,
10 have the above-described shapes. However, the
shapes are not limited thereto in the present invention,
and the respective cutting edges 8, 9, 10 may also have
other shapes.
[0025] In an indexable rotary cutting tool 11, which will
be described below, the major cutting edge 8 is a cutting
edge having a function of cutting a machined side surface
of a workpiece. The minor cutting edge 10 is a cutting
edge having a function of cutting a machined bottom sur-
face of a workpiece. The corner cutting edge 9 is a cutting
edge having a function of cutting a corner located be-
tween a machined side surface of a workpiece and a
machined bottom surface thereof. The cutting insert 1 of
the present embodiment is a cutting insert in which the
major cutting edge 8 and the minor cutting edge 10 in-
tersect substantially perpendicularly to each other in the
plan view of Fig. 2, i.e., a cutting insert of a type which
is capable of performing so-called square shoulder mill-

ing. However, the present invention is not limited thereto.
[0026] Part of the first end surface 2 functions as a rake
surface 2a with regard to the relevant cutting edge E (a
set of cutting edge portions 8, 9, 10). The rake surface
2a is a portion of the first end surface 2 which is adjacent
to the respective cutting edge portions 8, 9, 10, and such
rake surface 2a serves as an inclined surface in which
part thereof which is more distant from the cutting edges
8, 9, 10 gradually becomes closer to the intermediate
plane M. More specifically, as shown in Fig. 6A, the rake
surface 2a is given a positive angle as a rake angle α.
Herein, the rake angle α refers to an intersection angle
between a virtual plane L1, which is defined so as to be
perpendicular to the central axis O and to pass through
any point of the major cutting edge 8, and the rake surface
2a. In particular, this rake angle may be defined in a cross-
section taken along a line defined so as to be orthogonal
to the cutting edge in Fig. 2, and such cross-section is
shown in Fig. 6A. In Fig. 6A, a rake angle when the rake
surface 2a is located below the virtual plane L1 (inside
the insert) is regarded as being positive. For example,
the rake angle α may be from 40° to 50° and is set at
approximately 45° in the present embodiment. However,
the present invention is not limited to such angle, and the
rake angle may be changed as appropriate according to
the circumstances. It should be noted that, in the cutting
insert 1, a rake angle is generally constant through a
cutting edge but may be variable. Further, a flat top sur-
face 2b (which extends so as to be orthogonal to the
central axis O) is formed around the mounting hole 5 of
the first end surface 2. In other words, the rake surface
2a extends between the cutting edge E and the top sur-
face 2b.
[0027] Part of the peripheral side surface 4 functions
as a flank with regard to the relevant cutting edge E (a
set of the cutting edge portions 8, 9, 10). More specifi-
cally, the first side surface part 4a adjacent to the major
cutting edge 8 entirely functions as a flank. As to the
second side surface part 4b adjacent to the minor cutting
edge 10, not the whole of such second side surface part
4b but only a portion 4d thereof which is directly connect-
ed to the minor cutting edge 10 substantially functions
as a flank. The third side surface part 4c adjacent to the
corner cutting edge 9 entirely functions as a flank.
[0028] When viewed from a direction facing the second
side surface part 4b (i.e., in Fig. 4), the first side surface
part 4a, which functions as the flank of the major cutting
edge 8, is inclined so as to gradually become more distant
from the central axis O, heading from the first end surface
2 to the second end surface 3. More specifically, as
shown in Fig. 6A, the first side surface part 4a is formed
such that a clearance angle β thereof is negative. Herein,
the clearance angle β concerning the major cutting edge
8 refers to an intersection angle between a virtual plane
L2, which is defined so as to be parallel to the central
axis O and to be along the major cutting edge 8, and the
first side surface part 4a. In particular, this clearance an-
gle may be defined in a cross-section taken along a line
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defined so as to be orthogonal to the cutting edge in Fig.
2, and may be defined in, for example, Fig. 6A. In Fig.
6A, a clearance angle when the first side surface part 4a
is located inside the vertical plane L2 is regarded as being
positive. In the case of the present embodiment, the
clearance angle β is a negative angle. Thus, the first side
surface part 4a can be said to be formed so as to gradually
become more distant from the virtual plane L2, outward
from the cutting insert, heading from the first end surface
2 to the second end surface 3. For example, the clear-
ance angle β concerning the major cutting edge 8 may
be from -5° to -20°, and may preferably be from -10° to
-20° (within a range of -20° or more and -10° or less). In
the case of the present embodiment, the clearance angle
β is set at approximately -15°. However, in the present
invention, the clearance angle β concerning the major
cutting edge is not limited to the above angle and may
be changed as appropriate according to the circumstanc-
es.
[0029] On the other hand, as shown in Fig. 6B, the
second side surface part 4b, which has the portion 4d
that functions as a flank of the minor cutting edge 10, is
inclined so as to gradually become closer to the central
axis O, heading from the first end surface 2 to the second
end surface 3. In other words, in the second side surface
part 4b, the portion 4d thereof, which functions as a flank,
is formed such that a clearance angle γ thereof is positive.
Herein, the clearance angle γ concerning the minor cut-
ting edge 10 refers to an intersection angle between a
virtual plane L4, which is defined so as to be parallel to
the central axis O and to be along the minor cutting edge
10, and the flank portion 4d of the second side surface
part 4b. In Fig. 2, the clearance angle γ may be defined
in a cross-section taken along the line defined so as to
be orthogonal to the cutting edge. In Fig. 6B, an angle
when the flank portion 4d is located inside the vertical
plane L4 is regarded as being positive. For example, the
clearance angle γ concerning the minor cutting edge 10
may be a positive angle of from 0° to 10°, and is approx-
imately 5° in the case of the present embodiment. Thus,
in the second side surface part 4b, the portion 4d, which
functions as a flank, can be said to be formed so as to
gradually become more distant from the virtual plane L4,
inward of the cutting insert, heading from the first end
surface 2 to the second end surface 3. However, in the
present invention, the clearance angle γ concerning the
minor cutting edge is not limited to the above angle and
may be changed as appropriate according to the circum-
stances. However, the clearance angle γ is preferably a
positive angle.
[0030] Further, the third side surface part 4c, which
functions as the flank of the corner cutting edge 9, is
formed so as to have a clearance angle which is negative
at a portion thereof located on the major cutting edge 8
side and is positive at a portion thereof located on the
minor cutting edge 10 side, as can be understood from
Fig. 2, etc. In other words, the third side surface part 4c
has a portion where the clearance angle changes grad-

ually in the circumferential direction such that the third
side surface part 4c smoothly connects its adjacent side
surface parts 4a, 4b.
[0031] In the second side surface part 4b, a portion of
the part thereof which excludes the flank portion 4d func-
tions as a restraining surface which comes into contact
with the sidewall surface 14b of the insert mounting seat
13 provided in a tool body 12.
[0032] In the cutting insert 1 of the present embodi-
ment, in the peripheral side surface 4, a portion thereof
which is arranged so as to be adjacent to the major cutting
edge 8 is configured only by the first side surface part
4a, but the present invention is not limited thereto. For
example, another side surface part may be provided be-
tween the first end surface 2 and the first side surface
part 4a or between the first side surface part 4a and the
second end surface 3. In other words, in the peripheral
side surface 4, a side surface portion thereof leading to
the major cutting edge 8 may be formed such that a plu-
rality of surface portions is connected to one another,
heading from the first end surface 2 to the second end
surface 3. However, any portion of the first side surface
part 4a is required to have a negative clearance angle.
[0033] As shown in Figs. 4 and 6A, the second end
surface 3 has two inclined parts (or inclined surfaces) 3a,
each of which gradually becomes more distant from a
virtual plane L1 (or an intermediate plane M), heading
from the first side surface part 4a to the central axis O.
The two inclined parts 3a are respectively connected to
the two first side surface parts 4a. Each inclined part 3a
extends along the relevant major cutting edge so as to
be located on a back side of such major cutting edge. A
flat part 3b is formed between the two inclined parts 3a
so as to connect such inclined parts 3a. In other words,
the second end surface 3 has a configuration in which
the flat part 3b is sandwiched between the two inclined
parts 3a, and the second end surface 3 is projected out-
ward and has a substantially V shape as viewed from the
direction facing the second side surface part 4b. When
defining a plane P1, which is substantially parallel to the
long side 7a or the major cutting edge 8 and includes the
central axis O in the plan view of Fig. 2, the flat part 3b
is formed so as to extend along the plane P1 (in Fig. 5).
The flat part 3b extends so as to be orthogonal to the
central axis O. However, this flat part 3b is not an essen-
tial configuration. When viewed from a direction perpen-
dicular to the central axis O relative to the second side
surface part 4b (i.e., in Fig. 6A), each inclined part 3a
has an inclination angle δ of approximately 15°, i.e., the
two inclined parts 3a share the same angle. Herein, the
inclination angle δ refers to an intersection angle between
a virtual plane L3, which is perpendicular to the central
axis O and passes through an intersection between ex-
tension planes of the two inclined parts 3a, and each
inclined part 3a, and the inclination angle δ may be de-
fined in a cross-section (for example, Fig. 6A) taken along
a virtual plane defined so as to be orthogonal to the plane
P1. In Fig. 6A, as to the inclination angle δ, an angle when
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the inclined part 3a is located above (i.e., inside) the ver-
tical plane L3 is regarded as being positive. In the present
embodiment, an interior angle ε, which is formed by the
extension planes of the two inclined parts 3a, is approx-
imately 150°. This interior angle ε is not limited to the
above numerical value but is preferably within a range
of 140° or more and 160° or less. Further, the second
end surface 3 functions as a seating surface which comes
into contact with a bottom wall surface 14a of the insert
mounting seat 13 provided in the tool body 12. However,
the configuration is such that, in practice, only the two
inclined parts 3a come into contact with the bottom wall
surface 14a and that the flat part 3b does not come into
contact with the bottom wall surface 14a.
[0034] The cutting insert 1 can be made of hard mate-
rials, such as cemented carbide, cermet, ceramic, or an
ultrahigh-pressure sintered body containing diamond or
cubic boron nitride, or a material obtained by applying
coating to these materials.
[0035] Next, the indexable rotary cutting tool 11 on
which the cutting insert 1 of the above embodiment is
removably mounted will be described with reference to
Figs. 7 to 12.
[0036] The indexable rotary cutting tool 11 of the
present embodiment comprises the tool body 12. The
tool body 12 extends in the longitudinal direction and has
a rotational axis RA which extends from its leading end
to its base end (along the longitudinal direction). Herein,
the leading end refers to an end of the tool body 12 on
which the cutting insert 1 is mounted while the base end
refers to an end located on the opposite side. The index-
able rotary cutting tool 11 is configured so as to be ca-
pable of being rotated forward, around the rotational axis
RA, in a rotating direction K. It should be noted that the
cutting tool 11 can be used by being rotated relative to a
workpiece. The cutting tool itself may also be used by
being rotated, or the workpiece itself may be used by
being rotated.
[0037] The tool body 12 has, as its entire shape, a sub-
stantially cylindrical shape which extends along the ro-
tational axis RA. The leading end of the tool body 12 is
provided with a plurality of insert mounting seats 13. Al-
though two insert mounting seats 13 are formed in the
tool body 12 of the present embodiment, the number of
the insert mounting seats 13 may be one or three or high-
er. Each insert mounting seat 13 is formed so as to be
opened forward in the rotating direction K around the
rotational axis RA and to be opened toward the leading
end and toward the outer periphery.
[0038] The insert mounting seat 13 comprises the bot-
tom wall surface 14a which is capable of coming into
contact with each of the two inclined parts 3a of the sec-
ond end surface 3 of the cutting insert 1 and the side wall
surface 14b which is capable of coming into contact with
a portion of the second side surface part 4b which ex-
cludes the third side surface part 4c in the cutting insert
1. The bottom wall surface 14a has two divided inclined
bottom wall surfaces 14a’, 14a". Each of these bottom

wall surfaces 14a’, 14a" is configured so as to come into
contact with the corresponding one of the two inclined
parts 3a of the cutting insert 1. Therefore, an angle
formed by extension planes of the inclined bottom wall
surfaces 14a’, 14a" is substantially equal to the angle ε
formed by the extension planes of the inclined parts 3a
of the cutting insert 1. A recessed part (i.e., a circular-
arc-shaped recess) is provided between the two inclined
bottom wall surfaces 14a’, 14a". Each of the inclined bot-
tom wall surfaces 14a’, 14a" basically have a shape
equal to the inclined part 3a of the cutting insert 1 and
have a size corresponding to the inclined part 3a. It
should be noted that the inclined bottom wall surface 14a’
is located closer to the inner periphery of the tool than
the inclined bottom wall surface 14a". Further, the two
inclined bottom wall surfaces 14a’, 14a" substantially ex-
tend in the longitudinal direction of the tool body 12, i.e.,
a direction of the rotational axis RA. The bottom wall sur-
face 14a faces forward in the rotating direction K. A screw
hole 16, into which a fastening screw 15 for fixing the
cutting insert 1 is to be inserted, is formed substantially
at a center of the bottom wall surface 14a. The side wall
surface 14b faces toward the leading end of the tool and
has a shape and size which allow the side surface wall
part 14b to come into contact with the flat surface of the
second side surface part 4b which excludes the flank
portion 4d in the cutting insert 1. It should be noted that
the side wall surface 14b is provided in the vicinity of an
outer peripheral surface of the tool.
[0039] Further, a chip pocket 17 for discharging chips
produced through cutting is provided forward of each in-
sert mounting seat 13 in the tool rotating direction K.
[0040] The cutting insert 1 is removably mounted on
the insert mounting seat 13 by screwing the fastening
screw 15 into the screw hole 16 via the mounting hole 5.
At this time, the cutting insert 1 itself is mounted on the
tool body 21 such that a radial rake angle θ is -36°. Herein,
as shown in Fig. 9, as viewed from the leading end sur-
face side of the indexable rotary cutting tool 11, the radial
rake angle θ refers to an intersection angle between a
virtual plane L5, which is parallel to a virtual plane N along
the top surface 2b of the first end surface 2 of the cutting
insert 1 and passes through the rotational axis RA, and
a radial rake angle plane S, which connects the rotational
axis RA and an apex of the active corner cutting edge 9
involved in the cutting of the cutting insert 1. In Fig. 9, as
to the radial rake angle θ, an angle when the radial rake
angle plane S is located behind the virtual plane L5 in
the tool rotating direction K is regarded as being positive.
The angle of the radial rake angle θ is not limited to the
above value but is preferably within a range of -40° or
more and -30° or less. It should be noted that the angle
of the radial rake angle is not limited thereto and may be
changed as appropriate. Further, the cutting insert 1 itself
is mounted on the tool body 12 such that an axial rake
angle is 0°. It should also be noted that the angle of the
axial rake angle is not limited thereto and may be
changed as appropriate.
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[0041] In the cutting tool 11, the cutting insert 1 is ar-
ranged such that the active major cutting edge 8 extends
substantially in the tool longitudinal direction, i.e., the di-
rection of the rotational axis RA in Fig. 8. At this time, in
Fig. 8, the active minor cutting edge 10 extends in a di-
rection substantially orthogonal to the rotational axis RA,
and the active corner cutting edge 9 is located on the
leading end side of the tool and the outer periphery side
thereof. In other words, the major cutting edge 8 of the
active cutting edge extends, on the outer periphery side
of the tool, substantially in the direction of the rotational
axis RA, and an inclined part 3a", which is located on a
back side of the major cutting edge 8 of the active cutting
edge, is contacted by the outer-periphery-side inclined
bottom wall surface 14a" of the bottom wall surface 14a
of the insert mounting seat 13. Further, the first side sur-
face part 4a related to the active major cutting edge grad-
ually extends outward from the cutting insert (in particu-
lar, outward from the tool), heading from the first end
surface to the second end surface. The inclined part 3a
of the second end surface 3, which is located on a back
side of the active cutting edge (in particular, the active
major cutting edge), is inclined so as to become more
distant from the first end surface in the direction of the
axis O (insert thickness direction), heading from the first
side surface part 4a related to the active major cutting
edge to the central axis O.
[0042] Next, the operation and effects of the cutting
insert 1 and the indexable rotary cutting tool 11 of the
present embodiment will be described.
[0043] As described above, the cutting insert 1 is de-
signed so as to be capable of being used for perpendic-
ular shoulder milling. Thus, in the cutting with the index-
able rotary cutting tool 11, the active cutting edge E can
operate such that: the active major cutting edge 8 cuts a
machined side surface of a workpiece; the active minor
cutting edge 10 cuts a machined bottom surface of a
workpiece; and the active corner cutting edge 9 cuts a
corner located between a machined side surface of a
workpiece and a machined bottom surface thereof. It
should be noted that the indexable rotary cutting tool 11
can be configured for use as an end mill with a tool di-
ameter of approximately 20 mm or less.
[0044] In the cutting insert 1 of the present embodi-
ment, the first side surface part 4a is formed so as to
gradually become more distant from the virtual plane L2,
outward from the cutting insert, heading from the first end
surface 2 to the second end surface 3. In addition, each
inclined part 3a is inclined so as to become more distant
from the virtual plane L1, heading from the first side sur-
face part 4a to the central axis O. As described above,
by setting the clearance angle of the first side surface
part 4a extending along the major cutting edge 8 so as
to be negative, the inclined part 3a of the cutting insert 1
can have a significantly large area compared with the
prior art. As a result, even if the situation occurs where
some sort of factor causes, from among the two inclined
parts 3a constituting a substantially V shape, the inclined

part 3a’ (see Fig. 13), which is located on the inner pe-
riphery side of the tool, to be distant from the inclined
bottom wall surface 14a’ (see Fig. 13) of the insert mount-
ing seat 13, whereby the cutting insert 1 is supported
only by the inclined part 3a" (see Fig. 13), which is located
on the outer periphery side of the tool (while extending
on a back side of the active major cutting edge 8), coming
into contact with the outer-periphery-side inclined bottom
wall surface 14a", the inclined part 3a" extending on the
outer periphery side has a relatively wide area, and this
makes it possible for such inclined part 3a" to sufficiently
receive cutting resistance F (a component of force F’, a
component of force F"). In particular, as shown in Fig.
13, the significantly expanded inclined part 3a" makes it
possible to sufficiently receive the component of force F’,
which is directed toward the outer periphery of the tool,
of the cutting resistance F. Therefore, the fixing force of
the cutting insert 1 is still significantly enhanced, even in
the situation where the cutting insert 1 is supported by
only the inclined part 3a". Further, in the direction of the
application of the cutting resistance F itself, the bottom
wall surface 14a" extends (is projected) to reach imme-
diately below the active major cutting edge 8, and thus,
the inclined bottom wall surface 14" can sufficiently re-
ceive the cutting resistance F itself, even in the situation
where the cutting insert 1 is supported by only the outer-
periphery-side inclined part 3a" coming into contact with
the outer-periphery-side inclined bottom wall surface 14".
Further, the inclined part 3a" having an expanded area
allows the cutting resistance F to be dispersed widely,
and this can suppress the elastic deformation of the back
metal portion BM more effectively. The resultant syner-
gistic effect increases the fixing force of the cutting insert,
which makes it possible to significantly suppress the gen-
eration of chattering, etc.
[0045] Further, although the prior-art cutting insert of
Patent Document 1 is of a positive type (in particular, the
clearance angle of a side surface leading to a major cut-
ting edge is positive), such cutting insert has the bottom
surface having a V shape, and thus, the thickness around
the mounting hole in the area near the lower surface of
the cutting insert is extremely small compared with a nor-
mal positive-type cutting insert. Thus, such cutting insert
1 of Patent Document 1 has had a problem of reduction
in the rigidity of the cutting insert itself. In contrast, in the
cutting insert 1 of the present embodiment, by setting the
clearance angle of the first side surface part 4a adjacent
to the major cutting edge 8 so as to be negative, the
thickness around the mounting hole 5 in the area close
to the second end surface 3 can be made large while the
second surface 3 has a substantially V shape, leading to
the effect of suppressing the reduction in the rigidity of
the cutting insert 1.
[0046] The cutting insert 1 of the present embodiment
is a so-called 2-corner-available type which includes two
cutting edges E each being comprised of a combination
of the major cutting edge 8, the corner cutting edge 9 and
the minor cutting edge 10. However, the present inven-
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tion is not limited thereto, and any applicable cutting insert
is only required to comprise at least one cutting edge. In
that case, as long as the above configuration is achieved
in at least one cutting edge, the above-mentioned effect
can be achieved when such cutting edge is used, as an
active cutting edge, for cutting. In other words, it is also
possible to employ a configuration in which the flank 4a
having a negative clearance angle and the inclined part
3a are formed only on the side where a cutting edge
involved in cutting is formed.
[0047] The negative clearance angle β of the first side
surface part 4a related to the major cutting edge is pref-
erably within a range of -20° or more and -10° or less.
This is because, when the negative clearance angle β of
the first side surface part 4a is less than -20°, the first
side surface part 4a may excessively be projected toward
the outer periphery of the tool, and such projected portion
may then strike a workpiece. Meanwhile, when the clear-
ance angle β of the first side surface part 4a is more than
-10°, the area of the inclined part 3a cannot be increased
significantly, which makes it difficult to obtain the effect
of fixing the cutting insert 1.
[0048] The clearance angle γ of the portion 4d, which
functions as a flank, of the second side surface part 4b
related to the minor cutting edge is preferably a positive
angle. This is because the flank portion 4d adjacent to
the minor cutting edge 10 involves a relatively small need
to receive the cutting resistance F directed toward the
outer periphery of the tool and also because, in the first
place, the cutting resistance applied on the minor cutting
edge 10 is lower than the cutting resistance applied on
the major cutting edge 8. Therefore, the second side sur-
face part 4b related to the minor cutting edge is not re-
quired to be inclined so as to be given a negative clear-
ance angle, as opposed to the first side surface part 4a,
and the clearance angle related to the minor cutting edge
can be designed so as to be positive, giving priority to
the improvement in the cutting ability of the minor cutting
edge.
[0049] In the embodiment in which, as in the cutting
insert 1 of the present embodiment, the two cutting edges
E are formed so as to be of 180-degree rotational sym-
metry about the central axis O, the interior angle ε formed
by the two inclined parts 3a of the second end surface 3
is preferably within a range of 140° or more and 160° or
less. This is because, when the interior angle ε between
the inclined parts 3a is less than 140°, the cutting insert
1 which has received cutting resistance may dig into the
tool body 12 and, in turn, break the insert mounting seat
13. Meanwhile, when the interior angle ε between the
inclined parts 3a is more than 160°, the second end sur-
face 3 is comprised of an almost flat surface, which
makes it difficult to obtain the effect of a V-shaped contact
surface receiving cutting resistance.
[0050] Further, in the embodiment in which, as in the
cutting insert 1 of the present embodiment, the two cutting
edges E are formed so as to be of 180-degree rotational
symmetry around the central axis O, it is preferable for

the two first side surface parts 4a to have equal clearance
angles β. This is because, when the clearance angles β
of the two first side surface parts 4a are different from
each other, the thickness around the mounting hole 5 of
the cutting insert 1 will involve variations, corresponding
to the respective major cutting edges 8, resulting in a
rigidity imbalance of the cutting insert 1 in its entirety, and
this may lead to the occurrence of unexpected fracturing,
etc. For the same reason as above, it is preferable for
the two inclined parts 3a to have equal inclination angles
δ.
[0051] The cutting insert 1 itself is preferably mounted
on the tool body 12 such that a radial rake angle is within
a range of -40° or more and -30° or less. The mounting
of the cutting insert 1 with a large negative radial rake
angle allows a large area of the back metal portion of the
tool body 12 to be secured. When the radial rake angle
is less than -40°, this means a negatively large radial
rake angle, leading to excessively high cutting resist-
ance. Meanwhile, when the radial rake angle is more
than -30°, it does not allow the back metal portion to be
sufficiently secured.
[0052] Although representative embodiments of the
present invention have been described above, the
present invention is not limited to such embodiments,
and various modifications may be made to the present
invention. Various replacements and modifications of the
present invention may be made without departing from
the spirit and scope of the invention defined in the scope
of the claims of the present application. The present in-
vention includes modifications, applications and equiva-
lents encompassed by the idea of the present invention
defined by the scope of the claims.

Claims

1. A cutting insert (1) comprising a first end surface (2),
a second end surface (3) opposing the first end sur-
face (2) and a peripheral side surface (4) connecting
the first end surface (2) and the second end surface
(3), and having an axis (O) defined so as to penetrate
the first end surface (2) and the second end surface
(3), wherein:

at least one cutting edge (E) is formed along an
intersecting edge between the first end surface
(2) and the peripheral side surface (4), and each
cutting edge (E) is provided with a major cutting
edge (8) and a minor cutting edge (10) which
are connected via a corner cutting edge (9);
the peripheral side surface (4) has a first side
surface part (4a) related to the major cutting
edge (8) and a second side surface part (4b)
related to the minor cutting edge (10);
when a first virtual plane (L2) which is substan-
tially parallel to the axis (O) and is along the ma-
jor cutting edge (8) is defined, the first side sur-

15 16 



EP 3 208 018 A1

10

5

10

15

20

25

30

35

40

45

50

55

face part (4a) is formed so as to gradually be-
come more distant from the first virtual plane
(L2), outward from the cutting insert, heading
from the first end surface (2) to the second end
surface (3);
the second end surface (3) has an inclined part
(3a) on a back side of the cutting edge; and
when a second virtual plane (L1) which is sub-
stantially perpendicular to the axis (O) and pass-
es through the major cutting edge (8) is defined,
the inclined part (3a) is inclined so as to become
more distant from the second virtual plane (L1),
heading from the first side surface part (4a) to
the axis (O).

2. The cutting insert (1) according to claim 1, wherein
a clearance angle (β) of the first side surface part
(4a) is from -20° to -10°.

3. The cutting insert (1) according to claim 1 or 2,
wherein, in the second side surface part (4b), a clear-
ance angle (γ) of a portion (4d) thereof which func-
tions as a flank with regard to the minor cutting edge
is a positive angle.

4. The cutting insert (1) according to any one of claims
1 to 3, wherein:

the number of cutting edges formed along the
intersecting edge between the first end surface
and the peripheral side surface is n (where n is
an integer of 2 or higher); and
the cutting insert has a shape of n-fold rotational
symmetry around the axis.

5. The cutting insert (1) according to claim 4, wherein:

two cutting edges (E) are formed along the in-
tersecting edge between the first end surface
and the peripheral side surface;
two inclined parts (3a) which have a substantial-
ly V shape are formed in the second end surface
(3); and
an interior angle (ε) formed by the inclined parts
(3a) or respective extension planes thereof is
from 140° to 160°.

6. The cutting insert (1) according to claim 4 or 5,
wherein all of the first side surface parts (4a) have
equal clearance angles (β).

7. The cutting insert (1) according to any one of claims
4 to 6, wherein all of the inclined parts (3a) have
equal inclination angles (δ).

8. An indexable rotary cutting tool (11), having a rota-
tional axis (RA) and comprising a tool body (12) pro-
vided with at least one insert mounting seat (13), the

insert mounting seat (13) having a cutting insert be-
ing removably mounted thereon,
wherein the cutting insert is the cutting insert (1) ac-
cording to any one of claims 1 to 7.

9. The indexable rotary cutting tool (11) according to
claim 8, wherein the cutting insert (1) is mounted on
the tool body (12) such that a radial rake angle (θ)
is from -40° to -30°.

10. The indexable rotary cutting tool (11) according to
claim 8 or 9, wherein:

the major cutting edge of an active cutting edge
extends, on an outer periphery side of the tool,
substantially in a direction of the rotational axis
(RA); and
an inclined part (3a"), which is located on a back
side of the major cutting edge of the active cut-
ting edge, is contacted by an outer-periphery-
side inclined bottom wall surface (14a") of a bot-
tom wall surface (14a) of the insert mounting
seat.

17 18 



EP 3 208 018 A1

11



EP 3 208 018 A1

12



EP 3 208 018 A1

13



EP 3 208 018 A1

14



EP 3 208 018 A1

15



EP 3 208 018 A1

16



EP 3 208 018 A1

17



EP 3 208 018 A1

18



EP 3 208 018 A1

19



EP 3 208 018 A1

20



EP 3 208 018 A1

21



EP 3 208 018 A1

22



EP 3 208 018 A1

23



EP 3 208 018 A1

24



EP 3 208 018 A1

25

5

10

15

20

25

30

35

40

45

50

55



EP 3 208 018 A1

26

5

10

15

20

25

30

35

40

45

50

55



EP 3 208 018 A1

27

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2012510380 T [0005]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

